Effect of Storage on Measurement of Ionized Calcium in Serum of Uremic Patients
We studied, in 70 acidotic and non-acidotic uremic patients, the analytical variance in serum ionized calcium as related to duration and temperature of storage. Storage of serum or whole blood at 4 #{176}C for as long as 6 h did not significantly alter the measured concentration of ionized calcium in the serum. Storage at room temperature for 6 h, or longer at 4#{176}C or -20 #{176}C, resulted in inaccuracies in 39 to 79% of the samples of serum and in 38 to 92% of the samples of whole blood. These errors were not negated by correcting the values for ionized calcium to a pH of 7.40. Indeed, corrected values for calcium were even more unreliable in acidotic patients. We conclude that samples from uremic patients should be analyzed for ionized calcium within 2 h, or within 6 h if stored at 4 #{176}C. and pH simultaneously, and also applies a correction for pH. However, the physiological relevance of pH correction in the measurement of ionized calcium is unclear when applied to sera from patients with acid-base disorders.
Patients with chronic renal failure have abnormal calcium metabolism, and regular monitoring of serum calcium is important in their management. Before measurement of total calcium is replaced by estimation of ionized calcium in these patients, further studies on methods of handling specimens are required. Here we report the effects of storage and temperature on the concentration of ionized calcium in sera from acidotic and non-acidotic uremic patients.
Patients and Methods
We studied 70 patients who were undergoing dialysis therapy, including 13 with acidosis (pH <7.32). Blood was collected by venepuncture into syringes, then injected into evacuated tubes containing no additive
St. Louis, MO 63103). After the clotted sample had been centrifuged, the serum was aspirated into syringes, which were promptly sealed without an air gap to maintain anaerobic conditions until analysis.
To assess the effects of storage of the uncentrifuged sample, we collected blood from each patient into three evacuated tubes. Serum was separated from the first of the three and analyzed immediately, from the second after 6 h (stored at room temperature), and from the third after 24 h (stored at 4#{176}C).
To assess the effects of storage of serum, we analyzed serum from samples immediately after clotting and centrifugation and replicate serum samples after 2, 6, and 24 h of storage at room temperature, 4#{176}C, or -20 #{176}C. We measured serum ionized calcium, pH, and pH-corrected ionized calcium simultaneously with a Radiometer ICA1 analyzer according to the manufacturer's instructions.
Correction of the calcium value to what it would be at pH 7.4 is based on a multiplication factor, corrected calcium = ionized calcium x [1 -0.53 (7.4 -actual pH)] that is said to be valid within the pH range 7.2 through 7.6 (2). The electrode was calibrated with two aqueous solutions: solution 1 contained 1. For quality control we used Qualicheck "high" and "low" (Radiometer) buffered-saline solutions containing about 1.75 (pH 7.25) and 0.80 (pH 7.55) mmol of ionized calcium per liter, and plasma QAP1 (Dade Lab) containing 0.90 mmol of ionized calcium per liter. The electrode was recalibrated every 2 h. With the plasma QAP1 used as a control in our laboratory during a year, the precision of the instrument was ± 0.02 mmol/L, similar to that reported by SiggaardAndersen et a!. (3).
Analysis
of results. The significance of the difference between the mean ionized calcium concentrations in sera from uremic patients and a normal population was calculated by use of the unpaired Student's t-test. The difference between the mean ionized calcium concentrations for groups of samples before and after the same conditions of storage was called the "mean increment," and its significance was determined by the paired Student's t-test. We also calculated the change in ionized calcium concentration, expressed as a positive value, for each pair of samples before and after storage and defined a value exceeding 0.02 mmol/L as an "accuracy error." The mean of these values for a group of samples undergoing the same conditions of storage was called the "mean change." Table 1 compares results for sera from uremic patients with those for 95 healthy adults as measured with the same instrument.
Results
We found such accuracy errors for serum extracted from stored samples of whole blood in 36% of cases for ionized and 100% of cases for corrected calcium ( Table 2) . Storage of whole blood from non-acidotic uremic patients resulted in accuracy errors in serum ionized and corrected calcium in 20 to 92% of samples (Table 2) . lower than normal (p <0.001).
These results contradict the findings for healthy adults in previous studies. For example, using the same instrument for samples from five normal subjects, Brouman et a!. Their data indicate that ionized calcium is stable whether or not the blood is separated, especially if it is stored at 4#{176}C. A previous study of normal subjects from our laboratory (in which a different instrument was used) showed no significant change in concentrations of ionized calcium after 24-h storage at 4#{176}C (6) . Uremic serum possibly is less stable than serum from normal subjects, accounting for the contrasting findings in this report. However, we suggest that it may also arise because of the method that we used to interpret these data. Our results demonstrated large positive and negative changes in ionized calcium concentrations in sera from different patients after storage. Thus the mean ionized calcium concentrations for a large number of samples may change little after the same conditions of storage, though many individual changes occur that well exceed the precision of the method. Some of the previous investigators did not find significant individual changes after storage (5), but others did not report on this, and considerably fewer subjects were involved in all studies than in the present report.
Further studies are needed to confirm the stability of ionized calcium concentration in the serum of normal subjects, but our results suggest that, at least in uremic patients, storage of blood or serum is associated with significant changes in ionized calcium and pH-corrected values for it. We recommend that samples from such patients stored at room temperature be analyzed within 2 h, or within 6 h if stored at 4#{176}C. Changes occurring on longer storage may not invalidate the clinical usefulness of ionized calcium measurement, but they are likely to exceed the precision attainable with the analyzer.
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